Changes in transboundary water resources management in Central Asia brought the river pollution issue even more up to date than runoff and water distribution problems. This survey demonstrates that the analysis of river flow dynamics. Their water consumption and pollution makes it possible to prioritize these aspects of water management.
INTRODUCTION
Over the past two decades, transboundary water resources management problems have emerged and exacerbated in Central Asia. Geographical location and the transboundary nature of these rivers determine the specific nature of water use in each country in the region. "Upstream countries" (Tajikistan, Kyrgyzstan) mainly use the river water for hydroelectric energy generation. while "downstream countries" (Kazakhstan, Turkmenistan, Uzbekistan) use it mainly for irrigation of agricultural fields. All along the river flow water for industrial and domestic use is being abstracted [KURTOV 2014] . Approximately 90% of the available water resources in Central Asia are being already used [GRINYAEV, FOMIN 2009] . The researchers KURTOV [2014] , SIDOROVA [2008] and PORYADIN [2014] point out that in terms of water scarcity, population growth and economic development of the countries in recent decades, the problem of rational use of transboundary rivers has worsened and became a mechanism of mutual economic and political pressure in the region. Tensions between the region's countries have already cost $1.7 bln or 3% of GDP [PROON 2005] .
As a result of dry climate Kazakhstan is a country suffering from water shortages. The river network of the country is underdeveloped. There are frequent river is not escaping into any body of water, but drying up in the sands of the deserts and rivers periodically. Maximum rivers flows are spring -the time of melting snows on the steppes.
Water resources of the Republic of Kazakhstan (the RK) are concentrated mainly in the basins of the Amu Darya and Syr Darya Rivers which belong to the Aral Sea basin, and are also part of the Caspian Sea and the Kara Sea. The total surface water resources of Kazakhstan for the period 1974 -2008 [PORYADIN 2014 ] totaled 91.3 km 3 ·year -1 (50% coverage of needs), of which 44.3 km 3 come from neighboring countries, and 47.0 km 3 is comprised by the local flow. Economic sectors in this period had been using about 60-70% of the surface water resources (Fig. 1) .
However, the available water supply varies greatly at the regional level. So, the level of water supply for the industries in Karaganda, Akmola, North Kazakhstan, Kostanay and Aktobe regions was in the 53-90% range [SIDOROVA 2008] .
According to the State Hydrometeorological Observation Service for the 1941-2012 period, the average annual precipitation in Kazakhstan have decreased slightly -by 0.6 mm per 10 years or about 0.4% of the norm per 10 years [Agentstvo po statistike RK 2013]. On average, in Kazakhstan a slight tendency (statistically insignificant) towards a decrease in rainfall of about 0.7 mm per 10 years is observed in all seasons, except for the winter season, when the trend of increase in rainfall comprises 1.4 mm per 10 years (1.8% of the norm per 10 years). Pravitel'stvo RK [2010] Structural changes in the economy of the recent years have also changed the water consumption structure. In the 90s the main consumers and polluters of water resources in Kazakhstan were agricultural (78%), industrial (16%) domestic (less than 5%) sectors and other consumers (1%) [GRID-Arendal 1998 ].
In 2003-2013, 51% of surface water was used in the agricultural sector, 41% in the industrial sector, 4% in households, 9% in other types of economic activities, 2% in forestry and fisheries [DZHUATOVA, SEYDUL-LAEVA 2014] . The largest share of agricultural water use accounts for irrigation agriculture crops, then for surface (liman) irrigation for fodder production during spring period, irrigation of grasslands during the vegetation period and water supply for the rural population and livestock [SIDOROVA 2008 ]. According to the data obtained, due to the growth of economic activity and climate change, river flow resources in Kazakhstan decreased by 21%, of that 26% due to the transboundary runoff, 14% due to the local runoff [PORYADIN 2014] .
Currently water consumption in Kazakhstan tends to increase by 1% per year on average [PROON 2004 ]. This will result in 90% use of surface water in 2020, which greatly exceeds the norm of ecological river runoff [Institut geografii… 2010] . Therefore, the volume of water consumption in Kazakhstan has to be limited to the level of water consumption in 2010 [Pravitel'stvo RK 2010] .
An important part of this agreed transboundary water management issue is the problem of internal (within the state) water pollution and transboundary pollutants transfer. The contamination level and the quality of river water are controlled through the monitoring both by state (internal) monitoring network and at transboundary checkpoints. Of the 69 monitored rivers in Kazakhstan in 2011 only 9 rivers were under "pure" quality category [Kazgidromet 2012] . In recent years, intensive studies are carried out to quantify the transboundary pollution of rivers in Kazakhstan, mainly the Aral Sea basin SEVERSKIY 2004] .
Similar studies on the Tobol-Torgay basin are not known. Therefore assessment of anthropogenic load on the river basin and the role of transboundary transfer in terms of transboundary monitoring priorities is of current interest.
Kostanay region is located within the Tobol--Torgay Water Basin (TTWB) (Fig. 2) , the poorest basin in terms of water resources in Kazakhstan. Approximately 70% of the average long-term runoff of the basin is concentrated in Kostanay region [RGP… 2011] . Its total area comprises 214 000 km 2 , water resources volume is 2.9 km 3 , of which 35% are concentrated in the rivers. About 1 million people live within the basin. Industrial water supply from the waters of the Tobol-Torgay River basins is 89% (50% of the water supply) [GRID-Arendal 1998 ].
Several rivers in Kostanay region are transboundary: Tobol, Ayat, Uy, Ubagan, Togyzak. Of these, the Tobol River is the main river of the basin and the rest are its tributaries (Fig. 3b) . The Tobol is a typical lowland river, 90% of the annual flow is generated during snow cover melting [DEJNEKA 2010] . Of the 1591 km total river length, 682 km lie in Kostanay region. It is the left and the most high-water inflow of the Irtysh River a tributary of the Ob River of the Kara Sea basin (Fig 3a) . Within the Irtysh River basin up to half of renewable resources of the republic is generated [MEDEU et al. 2012] and the greatest amount of wastewater is discharged [GAZALIYEV (ed.) [PK… 2006 ]. Withdrawn water is used for different economic needs like industry, agriculture and public water supply. In the basin of the Torgay River, due to the very uneven flow distribution within the year and from year to year, and due to the lack water storage reservoirs, the water resources of the rivers are almost not used for water supply and regular irrigation.
METHODS AND MATERIALS
Integrated assessment of anthropogenic load on the TTWB (Tobol-Torgay Water Basin) rivers was based on the DPSIR cause-effect relations model [KRISTENSEN 2004 ]: -analysis of the dynamics of water consumption indicators, -TTWB rivers' pollution analysis, -analysis of the transboundary components transfer, -combined analysis of the data received in terms of transboundary monitoring priorities. Analysis of the water consumption indicators dynamics was carried out on the following indicators: -the annual flow of the Tobol River, -surface water intake, -surface water used, -amount discharged into water bodies, -the structure of water consuming industries, -primary water users number, -urban and rural population number in Kostanay region.
The data was collected from the annual statistical books of the Agency of the Republic of Kazakhstan on Statistics (ARKS), Kostanay Department of Ecology, Kostanay Hydrometeorological Centre, TTWB in Kostanay region in 2000-2012. Analysis of pollution of the TTWB rivers was conducted based on the results of calculation of integral water quality indicators WPI (water pollution index) and IWPIwa (integral water pollution index weighted average), and also in terms of BOD and dissolved oxygen. The calculation of integral water quality indicators of WPI and IWPIwa made in accordance with standardized methods [Goskomgidromet SSSR 1986; MOOS 2012] , when the measured concentration of the detected contaminants is compared to the corresponding maximum permissible concentration (MAC) [PDK, OBUV 1990; Sanitarno-epidemiologicheskie… 2004] , and then integral indicators are calculated. In both methods the calculation involves the entire list of supervised pollutants. The methods differ in the way of aggregation for integral index values. WPI calculation is performed on six priority pollutants and allows evaluation of the overall pollution in the studied point. IWPIwa calculation is the reflective of the contribution of individual chemical contaminants groups in the total pollution: major ions (Ca, Mg, ∑(Na+K), SO 4 , Cl, etc.); biogenic elements (NH 4 , NO 3 , NO 2 , P tot , phosphates, Si etc.), heavy metals (iron, and other metals); toxic substances (CN, SCN, F, H 2 , S, As, nitrobenzene etc.); organic substances (oil, resin, carbohydrates, fats, phenols, synthetic surfactants, furfural etc.); organochlorine pesticides. During the calculation of WPI and IWPIwa the data from the state monitoring network on the concentrations of the 27 components in the water of the Tobol River and its tributaries Ayat, Ubagan, Togyzak over 2000-2011. During the WPI calculation the fact that such components as iron, nickel and manganese have universally high background values, due to their significantly higher concentrations in the rocks of the Tobol catchment area and in groundwater feeding the river [DEJNEKA 2010] .
Assessment of water pollution in terms of BOD and dissolved oxygen is made according to a standardized methodology according to the state monitoring network data over 2000 -2011 [MOOS 2012 .
Transboundary contaminants transfer assessment along the rivers of Tobol-Torgay basin was made in compliance with standardized methodology according to the state monitoring network data on the pollutants content and the average monthly water consumption in 2011 [Kazgidromet 2011; Pravitel'stvo RK 2012] .
RESULTS AND DISCUSSION
Water use and disposal indicators change dynamics over 2000-2012 is depicted in Figures 4-9 . The analysis of these data allowed defining the changes in water use factors in the basin over the period. (2007); the average for the period is 85%. Ratio of "amount discharged into water bodies/use of surface water" ranges from 38% (2012) to 90% (2010); the average for Kostanay region is 60%. Then, about 50% of withdrawn surface water does not return into the water bodies. With the relative stability of the volume of abstracted water and the volume of the used water, significant irregularity of the discharged volume of water is witnessed. Water losses during its use comprises approximately 15-25%.
Comparison of water consumption indicators (Fig. 8) in the Kostanay region to the Tobol River runoff (Fig. 4) indicates that the amount of water use in dry years is comparable to the runoff, but in wet years -is half of it. The constancy of the volume of water abstracted and used taking into account the reduction of atmospheric precipitation indicates a trend of slow decrease in runoff of Kostanay region rivers [Agentstvo po statistike RK 2013] .
Until 1975, from located on the banks of the rivers cities (Kostanay, Rudny, Zhitikara) delivered insufficiently treated domestic sewage and industrial effluents in the Tobol River. Registered were 10 issues of sewage, 6 of which were in Kostanay. Currently in Kostanay region produced only 2 authorized discharge into the river. Other enterprises use purified water in the water cycle, recycled or dumped into the man-made ponds [ZHAKAEV 2007] .
The results of river water pollution assessment by the water pollution index WPI in the observation points of transboundary rivers in Kostanay region are shown in Figure 10 . The Tobol River, Syntasty River and Uy River flow into Kostanay region from Russian territory. The Tobol River, Togyzak River and Ubagan River flow out from Kostanay Region to Russian territory. "Input" observation points is the Ayat River in hydrological cross section Varvarinka village. "Output" observation points are the cross sections of the Ubagan River in Aksuat village, for the Togyzak River in Togyzak station and for the Tobol River in Milutynka village. In general, despite the fact that some of the tributaries (the Togyzak River, and sometimes the Ubagan River) bring more contaminated water, the water quality of the Tobol River, the main river of the basin, along the entire river length is characterized as "moderately polluted" (3 rd quality class) in terms of WPI. Thus, the gradual dilution of pollution is observed downstream the Tobol River. Simulation of contaminant transfer by water streams through the example of copper confirmed that the concentration for introduced anthropogenic pollution with heavy metal falls a short distance from the source [PAVLI- CHENKO et al. 2009] .
River water pollution assessment by use of the integral water pollution index weighted average IWPIwa, on the basis of monitoring data has shown the presence of the following groups of elements of contaminating components. The group of major ionschlorides, sulfates, sodium, magnesium, calcium; biogenic elements group -ammonium nitrogen, nitrite nitrogen, nitrate nitrogen, phosphates, silicon; in the group of heavy metals -copper, zinc, nickel, cobalt, manganese, chromium (Cr 6+ ), total iron; in the group of toxic substances -fluorides; in the group organic substances -volatile phenols, petroleum products, resins, synthetic surfactants; in the group of organochlorine pesticides -no measurements.
The results of calculation of IWPI in the groups of components and integral IWPIwa are shown in the Figures 11-12 . Integral water pollution index weighted average IWPIwa dynamics on observation points: 1-4 as in Fig. 11; source: own study Thus, over 2000-2011 in all the hydrological cross sections, the highest MAC excess over the period of measurements was recorded for groups of heavy metals and major ions. Overall surface water pollution is due mainly to heavy metals, except data in 2007, MAC was constantly exceeded 1-5 times. The contribution of other contaminants groups decreases in the row: biogenic elements, organic substances. Excess of the MAC for the group of major ions observed occasionally. Toxic substances (fluorides) in the concentration exceeding the MAC were only found sporadically.
According to experts [DEJNEKA 1996; 2010] in the water of TTWB rivers, naturally there is a significant amount of biogenic compounds (nitrogen, phosphorus compounds) and heavy metals [DEJNEKA 1996; 2010] . Set of elements in river water is largely predetermined by the geological and morphological conditions and landscape conditions of the watershed: deposits of iron, aluminum, copper-gold, nickelcobalt ores in the upper reaches of the Tobol River, mineralized groundwater inflow, steppe soil, salt marshes, agricultural landscapes. The natural hydrochemical background of Trans-Urals natural waters where the Tobol basin is located includes copper, zinc, iron, manganese, fluorides. Additional quantities of heavy metals are associated with the mining activity of the enterprises in Kostanay region. In 1995, excess in terms of heavy metals (average value) was witnessed: total iron -3.9 times, copper -11.5 times and manganese -16 times.
In the absence of domestic sources of pollution nitrate pollution was detected in concentration of 4-7 mg·dm -3 [URYVAEV (ed.) 1959]. The Tobol River water in 1995 contained an increased amount of nitrates (90 mg·dm -3 in summer), organic substances (50 mg·dm -3 ) [DEJNEKA 1996 ]. Natural geochemical status of groundwater feeding the rivers in the region and having impact on their chemical composition was determined through the analysis of the literature references. The study area is located in the territory of natural hydro geochemical provinces in groundwater and underlying aquifer [MIRONENKO et al. 1988; VESELOV et al. 1993] . The mechanisms of their formation are disclosed. In the arid zones sulfates and chlorides of calcium, magne-
sium and sodium are accumulated in the groundwater through evaporative concentration over rainwater feed area. Conditions for the accumulation of boron and arsenic in groundwater of the natural area emerge. In the underlying aquifers with low oxidation-reduction potential values. divalent iron, divalent manganese, ammonium ion abnormalities are formed. In waters of sulfide deposits with increasing oxidation-reduction potential Zn, Pb, Se, Cd are accumulated [KALIN-NIKOV et al. 2002] .
The results of water pollution assessment in terms of BOD and dissolved oxygen are shown in Figures 13-14 . Fig. 13 . Dissolved oxygen content (mg·dm -3 ) change dynamics in the observation points: 1-4 as in Fig. 11 ; source: own study Fig. 14. BOD (mg·dm -3 ) change dynamics in the observation points: 1-4 as in Fig. 11 ; source: own study Joint analysis of the water quality assessment data in terms of IWPIwa for the groups of organic substances and biogenic elements (Fig. 11b, d ) and BOD and dissolved oxygen dynamics (Fig. 13-14) shows that over the decade studied the input of these contaminants by the Ubagan and Togyzak tributaries; that leads to increased levels of pollution in the downstream of the Tobol River. Excess of MAC for detected organic and biogenic contamination was observed infrequently, and rarely for the group of biogenic pollution. However, natural self-purification capabilities of the Tobol waters are not exhausted, as the concentration of organic and biogenic contaminants exceeds MAC standard irregularly, and the water quality varies within a reasonable range. Visibly overgrown shores of the Tobol indicate that these concentrations are enough for fast eutrophication in some sections of the rivers.
The calculation of transboundary contaminants transfer mass by the Tobol River and its tributaries on the hydrochemical cross sections allows us to understand how much and what contaminants flow into the territory of a neighboring state, and what is the balance of substances transfer within the Kostanay region. The calculations performed for the year 2011. The results of calculation of transboundary contaminants transfer mass by the Tobol River and its tributaries on the section is shown in Table 2 . The calculation on the Ubagan River -Aksuat village hydrological cross sections was not made, as there was no runoff in the that year.
Calculations show that during high water and flooding periods more components such as organic substances, chlorides, the sum of ions (Na, Ca, Mg) ammonium nitrogen, silicon, copper, nickel, manganese, fluoride, were added by the Ayat River than removed away through the Togyzak and the Tobol rivers. During low-water periods, removal prevails for all components in the water. Within the year such components as silicon, copper and manganese had a positive balance, their addition predominated over the removal. For all other considered pollutants removal prevailed over addition. Maximum weight of the transboundary transfer was observed for sulfates, chlorides, the sum of ions, manganese, and the minimum -for nitrite nitrogen, total phosphorus and fluorides.
From data in Table 2 it is known that via the Tobol River there was transboundary removal of organic contaminants (0.68 thous. t), major ions (the total amount 106.13 thous. t), biogenic components (total 2.41 thous. t), heavy metals (total for iron, zinc and nickel together -2.12 thous. t) from the territory of Kostanay region in 2011.
The total mass removal comprised 113.08 thous. t. Total load of addition (silicon, copper, manganese, fluorides) amounted to 45.53 thous. t. Thus in Kostanay region river load of water pollution is increasing by 67.55 thous. t (59.7% of removal load).
Water pollution of the Ayat River draws attention. For some components (silicon, copper, manganese, fluorides), calculated weight of additions in the Varvarinka -the Ayat River section was higher than the removal weight in output section Togyzak station -the Togyzak River and Milutynka village -the Tobol River output hydrochemical cross section.
In the territory of Kurgan and Tyumen regions of Russia the Tobol River pollution increases due to the impact of dozens of industrial discharges. Therefore, it is important that the pollution of TTWB rivers did not increase a moderate level, and complied to 3 rd class of water quality. This will satisfy both domestic (Kazakhstan) and external (Russian) requirements for water quality of the Tobol River. 
CONCLUSIONS
1. The level of contamination of the Tobol--Torgay Water Basin (TTWB) rivers remains moderate in the last decade. Pollution of rivers is mainly due to heavy metals and organic substances with a significant anthropogenic contribution.
On the local level, pollution of surface water can be determined by anthropogenic sources. However, geographically, that is within the region, environmental factors continue to play a leading role in the formation of the chemical composition of surface waters.
2. Such factors of the existing practice TTWB surface waters use practice as the constant volume of water consumption, distributed wastewater discharges, development of water recycling at large water consuming enterprises, sustain the condition where the capacity of the water environment in some important contaminants (heavy metals) is not exceeded. However, the water environment capacity for organic, biogenic pollution decreases gradually and eutrophication progress stays uncontrolled.
3. The volume of water consumption in the region, apparently, is getting close to the limit value. Then hazardous would be a sharp increase in water intake which can lead to sharp fluctuations in flow and the impact of a sharp rise in the concentration of pollutants, accelerated eutrophication.
4. With regard to the further water pollution of the Tobol River in Russia, transboundary monitoring in Kazakhstan territory should aim to control the existing quality of the basin's rivers.
5. Analysis of flow dynamics, water consumption and pollution of TTWB rivers showed that anthropogenic pollution was more important for water management in the region as it has a greater impact on water quality than the runoff.
